The present study was designed to evaluate the amino acid profiles and anti-nutritional contents of six wild vegetables viz. Cardamine hirsuta, Melothria perpusilla, Cryptolepis sinensis, Persicaria chinensis, Lippia javanica and Polygonum perfoliatum from Assam, India. The total amino acid detected was found the highest in P. chinensis as 25.92 mg/g dry weight (DW) followed by P. perfoliatum (19.68 mg/g DW) and M. perpusilla (14.57 mg/g DW), and the lowest amino acid was observed in L. javanica (0.62 mg/g DW). However, the highest nonessential amino acids (NEAA) were detected in P. perfoliatum (3.89 mg/g DW). Among the NEAA, aspartic acid and glutamic acid were detected in all the six plant species which ranged from 0.01 to 0.33 mg/g DW and 0.02 to o.75 mg/g DW, respectively. In this study, the highest concentration of essential amino acids (EAA) was detected in C. hirsuta (1.72 mg/g DW) followed by M. perpusilla (0.95 mg/g DW) and P. chinensis (0.67 mg/g DW). Besides EAA and NEAA, some other amino acids such as phosphoserine, OH-proline, amino adipic acid, phosphoenolamine, and taurine are the most common which were detected. In the study, variable amounts of anti-nutritional contents were found and discussed herein.
Introduction
Wild vegetables are generally consumed by diverse indigenous and tribal inhabitants in different parts of the world since very long time. These vegetables have unique flavours and taste which are easily available and can be obtained throughout the year from uninhabited and forest areas. The green vegetables are considered as the potential sources of minerals, vitamins, amino acids and other bioactive compounds which are needed for proper maintenance of human health. 1 These wild vegetables also possess various biological properties such as antimicrobial, antioxidant, anti-stress, anti-inflammatory, anti-allergic, hepatoprotective activity and many other. [2] [3] [4] Cardamine hirsuta L. belonging to the family Brassicaceae is locally known as Singsab in Bodo in Assam of North-East India. It grows in stream, rivers and lakes as floating on the surface of water as well as in the muddy area. They have a pungent smell like mustard oil. Leaves are similar to the leaves of mustard oil. The plant is found available from the month of July to August. The leaves and the stems are eaten as vegetable. This plant has been reported for antioxidant and antimicrobial properties. 4, 5 Melothria perpusilla (Blume) Cogn. belongs to the family Cucurbitaceae. It is locally known as Timijora and is a climber and most commonly grow in ponds and lakes. The leaves are serrate hard, rigid margin, flowers are yellow, fruits show distinct margin diagonally at the middle through which it breaks into two equal halves on ripening. It is available during the summer from March to August. The plants are eaten as a vegetable by the local people. The Bodo people have a traditional belief that this plant has medicinal values and it is used for curing joint pain, and jaundice. Singh et al. 6 recently conducted an in vivo model study in albino rats with ethyl acetate extract of Melothria perpusilla and reported a significant reduction of intestinal glucose absorption. Similarly, aqueous extract of Melothria perpusilla was studied by Yengkhom et al. 7 and they reported hepatoprotective property against CCl4 induced liver injury in the albino rats. This plant also possesses antioxidant and antimicrobial properties. 4, 5 Cryptolepis sinensis (Lour) Merr. is locally known as Parukia in Bodo and it belongs to the family Apocynaceae. It is a thin and hard stem climber, its leaves are opposite, flowers are very small and yellow in colour, fruits are long, bear in pair, and looks like a pencil. The plant is available from March to July every year. It bears latex and its tender leaves are traditionally consumed as vegetables by Bodo tribes especially for lactating mother to increase the milk production. Recently, the plant has been reported for antimicrobial and antioxidant properties. 4, 8 Persicaria chinensis (L.) H. Gross belonging to the family Polygonaceae is locally known as Mwisungka in Bodo. It is small herbs growing under the canopy of forest, leaves are simple, hairy with polygonous margin, inflorescence spikelet, and remains prostrate on the ground. It is available during the month of June to November. The young shoots are edible and sour in taste and have antioxidant property. 5 Lippia javanica (Burm.f.) Spreng belongs to Verbenaceae family and is locally known as Ontaibajab in Bodo. It is a small woody shrub. The leaves have aromatic smell. The inflorescence spike, flowers are sessile, purple or pink in colour, and generally grow in sandy soil near a river or pond bank. The plant is generally found available from March to June. The leaves are eaten as vegetables by the Bodo people and is cooked with meat and fish also. It is used as herbal tea 9 , vegetables 10 , insect repellent 11 and used in wounds, injuries, pain and skin infection 12 . This plant has also been reported for antioxidant property 8 . Polygonum perfoliatum L. is locally known as Mwitasikla in Bodo. It belongs to Polygonaceae family and is an annual or perennial climber, and it grows on sandy soil. The petiole and stems are angular bearing recurved prickles. The fruits are metallic blue in colour, sub-globose, fleshy, and berry-like, 4 to 6 mm in diameter. The tender leaves are eaten as vegetables by the Bodo people, especially with fish or edible insects. These vegetables are available from the month of March to June. It has been reported that P. perfoliatum extracts possess cytotoxicity effects against colon carcinoma, human mammary carcinoma, hepatocellular carcinoma, prostate carcinoma, and erythro-leukaemia cells 13 . It has also been reported that P. perfoliatum have anti-inflammatory 14 , anti-bacterial 15 , and antioxidant properties 8 .
In the present study, we are reporting the amino acid compositions and anti-nutritional contents of these six non-conventional vegetables from Assam, India as there is no available report in the literatures about these study to the best of our knowledge. After collection, the wild vegetables were washed properly with water, dried at 50 o C in the oven for two days, and then the dry materials were grinded into fine powders which are stored in dry and cool place in a plastic container for analysis. Chemicals like KMnO4, dimethyl sulfoxide (DMSO), HCl, H2SO4, sulfosalicylic acid, ethanol, methanol, acetic acid, NH4OH. FeCl3.6H2O and diethyl ether were obtained from Merck, Mumbai, India. Phytic acid, vanillin and catechin were obtained from Sigma Aldrich, Bangalore, India.
Materials and Methods

Materials
Amino acid analysis by using reversed-phase high performance liquid chromatography (RP-HPLC)
The powdered sample (5 mg) was mixed with 5 mL of water and vortexed for 10 min. It was followed by addition of methanol (20 mL) which was then incubated at -20 o C for overnight. The sample was again centrifuged and the supernatant was completely evaporated under nitrogen atmosphere at 60 o C. Thereafter, 250 µL of PITC (Phenyl isothiocyanate) was added to the sample and it was vortexed for 1 h at 45 o C followed by vacuum drying. It was again centrifuged by adding 1000 µL of buffer A (10 mM sodium acetate at pH 6.4 adjusted with 6% acetic acid) solution and the supernatant was filtered through syringe filter. Finally, 20 µL of the prepared solution was loaded into RP-HPLC (Zorbax 300 SB, Agilent 1200 series, C18 column: 4.6×250 mm, 254 nm) and allowed to run for 82 min at the flow rate of 1 mL/min. The buffer B solution used was combination of acetonitrile and buffer A in the ratio of 60:40 (v/v). The standard sample was also allowed to run in the HPLC under same conditions.
Determination of anti-nutritional contents
The experiments for determination of anti-nutritional contents of powdered plant samples were performed as per reported procedures. [16] [17] [18] [19] [20] 
Results and Discussion
Amino acid composition
In the present study, the amino acid profiles of the six wild vegetables were investigated using RP-HPLC. The HPLC chromatograms of six wild vegetables are shown in Fig. 1-6 . The amino acid profiles of the six wild vegetables in mg/g of dry weight (DW) are presented in Table 1 . The total amino acid detected was found the highest in P. chinensis (25.92 mg/g) followed by P. perfoliatum (19. 68 mg/g) and M. perpusilla (14.57 mg/g), and the lowest amino acid was observed in L. javanica (0.62 mg/g). However, the highest non-essential amino acids (NEAA) were detected in P. perfoliatum (3.89 mg/g DW). Among the NEAA, aspartic acid and glutamic acid were detected in all the six plant species which varied from 0.01 to 0.33 mg/g and 0.02 to o.75 mg/g, respectively. Aspartic acid acts as a precursor for pyrimidine, purine, and asparagine and also it is involved in excretion of ammonia and detoxification. 21 The aspartic acid content of the present study is higher in comparison to the results reported in edible mushroom viz. Calvatia gigantea (0.004 mg/g DW) 22 , but similar to that of domestic vegetable Raphanus sativus (0.19 mg/g DW), 23 and some wild vegetables such as Oxalis corniculata (0.04 mg/g), Chenopodium album (0.05 mg/g), and Chenopodium ambrosioides (0.34 mg/g). 24 He et al. 25 also reported comparable aspartic acid contents in two wild edible allium species viz. Allium chinense (0.26 mg/g) and Allium macrostemon (0.14 mg/g FW). The glutamic acid content of current study ( Table 1) is found similar to that of Allium chinense (0.1 mg/g) and Allium macrostemon (0.64 mg/g) reported by He et al. 25 and also to that of Raphanus sativus (0.66 mg/g DW) reported by Choi et al. 23 However, Sun et al. 26 reported higher amounts of glutamic acid contents in edible mushroom which ranged from 1.32 mg/g to 13.69 mg/g DW. Glutamic acid is a good neurotransmitter for spinal cord, brain and central nervous system, it helps in correction of physiological imbalances of the body and it also combat with the muscle hypertrophy after a protracted rest or chronic diseases such as AIDS and cancer 21 . In this study, serine was detected only in three species and these are M. perpusilla (0.27 mg/g), C. sinensis (0.13 mg/g) and P. chinensis (0.05 mg/g). These findings are comparable to the serine contents of some tea and tea products (0.03 to 1.85 mg/g DW) reported by Horanni et al. 27 and also comparable to that of the leaves, fruits, stem and roots of Rubus amabilis which ranged from 0.02 mg/g DW to 0.78 mg/g DW) reported by Caidan et al. 28 . Similarly, Kivrak 29 reported the serine contents in some unifloral honey of Turkey ranging from 0.002 to 1.17 mg/g. In this study, low levels of the simplest amino acid glycine were detected only in C. sinensis (0.18 mg/g) and in L. javanica (0.02 mg/g DW) which is found similar to that of radish (0.06 mg/g DW) reported by Choi et al. 23 and also to that of unifloral honeys of Turkey (0.03 mg/g to 0.20 mg/g) reported by Kivrak 29 . Similarly, the glycine contents in different varieties of buckwheat (0.004 to 0.1 mg/g) reported by Peng et al. 30 are comparable with the glycine contents of present study. However, Sun et al. 26 reported higher amounts of glycine in some mushroom species ranging from 0.42 mg/g to 7.60 mg/g DW. However, asparagine was detected only in M. perpusilla (0.22 mg/g) and C. sinensis (0.26 mg/g) and it is found similar to that of some wild plants viz. Rumex dentatus (0.22 mg/g), Erigeron bonariensis (0.31 mg/g), and Chenopodium ambrosioides (0.36 mg/g). 24 The asparagine contents of present study are higher in 31 , but it is lower compared to some mushroom species which ranged from 0.66 to 4.17 mg/g. 26 The alanine content of the present study is comparable to that of two wild species viz. Allium chinense (0.29 mg/g DW) and Allium macrostemon (0.21mg/g DW) 25 , radish (0.13 mg/g DW) 23 , Ageratum conyzoides (0.23 mg/g FW) and Cenchrus ciliaris (0.26 mg/g FW) 24 and some unifloral honeys which ranged from 0.01 to 0.32 mg/g. 29 On the other hand, the proline contents of current study are also found similar to that of some sea grasses such as Cymodocea serrulata (0.06 mg/g DW) and Halophila ovalis (1.1 mg/g DW) 31 and also comparable to rice (2.87 mg/g FW) 32 and Rubus amabilis (3.26 mg/g DW). 28 In this study, low level of arginine was detected only in C. sinensis (0.01 mg/g DW) which is comparable with the results of Rubus amabilis (0.04 mg/g DW) 28 , radish (0.01 mg/g DW) 23 , and Cenchrus ciliaris (0.02 mg/g DW). 24 However, higher amount of arginine has been reported in some mushroom species (0.52 mg/g to 7.42 gm/g). 26 Arginine is one of the important amino acids which has a significant role in hormone release, cell division, wound healing, immune function and ammonia removal. In this study (Table 1) , the highest concentration of essential amino acids (EAA) was found in C. hirsuta (1.72 mg/g) followed by M. perpusilla (0.95 mg/g) and P. chinensis (0.67 mg/g). Lower levels of histidine (0.06 to 0.29 mg/g DW) were detected in four plant species of current study which is comparable with the results of radish growing in light and dark condition (0.12 and 0.09 mg/g DW) reported by Choi et al. 23 and two wild varieties of allium viz. Allium chinense (0.20 mg/g DW) and Allium macrostemon (0.14 mg/g DW) reported by He et al. 25 and also comparable with free amino acid contents of various parts of Rubus amabilis (0.13 to 0.22 mg/g DW) reported by Caidan et al. 28 Histidine plays an important role as the antioxidant in scavenging of free radicals and is also used for dealing with cardiovascular diseases. 34 In present study, isoleucine was found only in P. perfoliatum (0.12 mg/g DW) which is comparable to that of the free amino acids of Rubus amabilis (root, stem and fruits) that ranged from 0.01 to 0.42 mg/g DW reported by Caidan et al. 28 and close to the results of Raphanus sativus growing in light and dark condition (0.05 mg/g and 0.18 mg/g DW) reported by Choi et al. 23 The methionine was observed only in C. hirsuta (0.11 mg/g) and M. perpusilla (0.26 mg/g) in current study which is higher in comparison to the results of radish growing in different conditions (0.02 mg/g and 0.03 mg/g DW) 23 and also to the results of Allium chinense (0.03 mg/g DW) and Allium macrostemon (0.08 mg/g DW) reported by He et al. 25 However, Shaheen et al. 32 reported higher levels of methionine in rice (2.06 mg/g) and wheat flour (2.20 mg/g). Threonine was detected only one species viz. M. perpusilla (0.57 mg/g) and the result is found similar to that of Parthenium hysterophorus (0.51 mg/g) and found comparable to that of Rumex dentatus (0.31 mg/g) and Chenopodium ambrosioides (0.44 mg/g) in fresh weight basis reported by Kumar et al. 24 Valine was detected in three species viz. C. sinensis (0.06 mg/g), P. chinensis (0.38 mg/g) and L. javanica (0.10 mg/g). Similarly, Horanni et al. 27 reported valine contents in some tea and tea products which varied from 0.01 to 1.09 mg/g DW. Tryptophan was detected only in M. perpusilla (0.12 mg/g) which is within the range of some tea and tea products (0.05 to 0.67 mg/g DW) reported by Horanni et al. 27 In this study, cysteine was observed only in C. hirsuta (1.55 mg/g DW) which is similar to the results of rice (1.40 mg/g DW) and wheat flour (2.18 mg/g DW) reported by Shaheen et al. 32 and also to different parts of Rubus amabilis (1.67 to 2.11 mg/g DW). Besides EAA and NEAA, some other amino acids (non-protein amino acids) were also detected in the present study which is shown in Table 1 . In this study, phosphoserine and OH-proline were detected in all the selected plant species. Phosphoserine was found to be the highest in C. hirsuta (0.99 mg/g) followed by C. sinensis (0.77 mg/g), and the lowest amount of phosphoserine was detected in P. chinensis (0.26 mg/g). In a study, Choi et al. 23 reported low levels of phosphoserine in different varieties of potato that ranged from 0.14 mg/g to 0.23 mg/g. The amino adipic acid was detected in all the plant samples which varied from 0.29 to 9.79 mg/g DW except L. javanica ( Table 1) . The OHproline was found in the range from 0.003 to 0.15 mg/g DW. Phosphoenolamine (0.005 to 0.17 mg/g DW) and taurine (0.03 to 0.21 mg/g DW) were detected in four plant species. The carnosine was detected only in two samples viz. C. sinensis (5.79 mg/g) and P. perfoliatum (14.75 mg/g) and it is found comparable with results of different varieties of potato (13.6 to 32.0 mg/g DW). 23 3-Methyl histidine (0.01 mg/g) and anserine (0.19 mg/g) were detected only in C. sinensis. β-amino butyric acid (bABA) was detected only in P. chinensis as 24.25 mg/g DW ( Table 1) . β-amino butyric acid helps in prevention of obesity by increasing the production of gut hormone (leptin). 35 In this study, cystathionine was found in C. hirsuta (0.08 mg/g), M. perpusilla (0.53 mg/g) and C. sinensis (0.04 mg/g) which is similar to the results of two wild varieties of allium viz. Allium chinense (0.07 mg/g DW) and Allium macrostemon (0.13 mg/g DW) reported by He et al. 25 
Anti-nutritional contents
The anti-nutritional contents of the six wild vegetables are presented in the Table 2 . The highest oxalate content was found in C. sinensis (15.04 ± 0.18 mg/g DW) followed by C. hirsuta (13.65 ± 0.34 mg/g DW) and the lowest oxalate content was detected in M. perpusilla (6.315 ± 0.92 mg/g DW). These results are within the range of oxalate contents of some edible fruits (1.1 ± 0.22 mg/g DW in Syzygium cumini to 25.08±6.11 mg/g DW in Aegle marmelos) reported by Rout et al. 36 However, Adeniyi et al. 37 reported lower oxalate contents in some food plants found in Nigeria which was in the range from 0.20 mg/g to 0.91 mg/g. Similarly, Anhwange et al. 38 reported the oxalate contents in some fruits which varied from 0.01 mg/100 g to 0.53 mg/100 g which is much lower in comparison to the present study. Choudhury et al. 39 reported lower oxalate contents in some wild plants such as Enhydra fluctuans (0.7 mg/g), Eryngium foetidum (0.6 mg/g), Persicaria chinensis (0.3 mg/g), and Stellaria media (0.3 mg/g). High amounts of oxalic acid in the food can bind with elements to form oxalates in the gastrointestinal tract which is responsible for the formation of calcium oxalate stones in the kidney. 40 Tannins are phenolic compounds which are soluble in water and polar organic solvents and tannins can combine with protein and form tannin-protein complexes which inhibit the digestive enzymes and reduce the digestibility of protein. 41 In this study ( Table 2) , tannin was found varying from 1.02 ± 0.01 mg/g in C. hirsuta to 8.80 ± 0.05 mg/g in C. sinensis. Similarly, Choudhury et al. 39 also reported tannin contents in some wild plants which ranged from 3.7 mg/g DW (Stellaria media) to 8.90 mg/g DW (Oxalis corniculata). However, Agbaire 42 reported the lower amounts of tannin in leafy vegetables of Nigeria which ranged from 0.04 ± 0.01 µg/g to 0.26 ± 0.03 µg/g. In this study, the concentration of phytate was observed to be ranging from 4.60 ± 0.17 mg/g DW in P. perfoliatum to 9.22 ± 0.10 mg/g DW in C. hirsuta which is found similar with the phytate contents in the wild fruits (3.62 ± 0.30 mg/g DW in Mimusops elengi to 9.51 ± 0.33 mg/g DW in Toddalia asiatica) reported by Rout and Basak. 36 It has been reported that phytic acid can bind with several important minerals like iron, zinc, calcium, phosphorus, etc. and they form insoluble phytate complexes which are not being able to be absorbed by the body and thereby reduce their bioavailability and digestion in humans. 43 The saponin content of the present study ranged from 3.23 ± 0.30 mg/g in L. javanica to 14.13 ± 0.92 mg/g in P. perfoliatum which is followed by C. hirsuta (13.90 ± 0.91 mg/g). Similarly, Choudhury et al. 39 also reported saponin contents in some leafy vegetables which were found ranging from 2.60 mg/g DW to 7.40 mg/g DW. Saponins play some beneficial roles in limited doses because they have the properties of modifying the permeability of small intestine, and thus help in absorption of specific drugs, and they also act as neutral steroids and reduce serum cholesterol by secretion of bile acid. 44 Alkaloids were found to be ranging from 0.31 ± 0.01mg/g DW (C. sinensis) to 3.22 ± 0.01 mg/g DW (M. perpusilla) in the present study. Sotelo et al. 45 reported alkaloid contents in some edible flowers such as Erythrina americana (0.37 ± 0.01 mg/g DW) and Erythrina caribaea (0.24±0.03 mg/g DW). Similarly, Adeniyi et al. 37 also reported low amounts of alkaloid contents in some food plants of Nigeria ranging from 0.11 mg/g FW to 0.29 mg/g FW. Consumption of excess amount of alkaloids may cause gastro-intestinal and neurological disorders. in all the selected plant species, whereas histidine was found as the most abundant EAA. Among the other amino acids detected, phosphoserine and OH-proline were detected in all the wild vegetables studied. Amino adipic acid was also detected in all the plant species except in L. javanica. The wild vegetable viz. C. sinensis exhibited the highest oxalate (15.04 ± 0.18 mg/g) and tannin (8.80 ± 0.05 mg/g) contents. In this study, low levels of alkaloids (0.31±0.01 to 3.22±0.01 mg/g DW) were observed. Amino acid profiles and anti-nutritional contents of these vegetables were reported herein for the first time. All these studied vegetables have potentials as valuable food for human nutrition.
